The chemokine thymus-expressed chemokine (TECK), which regulates T-cell development and tissue-specific homing, has been identified as a potential contributor to the pathogenesis and progression of endometriosis. Dioxin (2, 3, 7, TCDD), an air pollutant, and estrogen also appear to be involved in endometriosis. Both endometrial stromal cells (ESCs) and the combination of 17b-estradiol and TCDD increase the secretion of TECK in the endometriosis-associated cells and promote the invasiveness of ESCs by increasing expression of matrix metalloproteinase (MMP)-2 and MMP-9. Anti-TECK neutralizing antibodies can effectively inhibit the invasiveness of ESCs and the expression of MMP-2 and MMP-9 in the cells. Interestingly, the expression of chemokine C receptor 9 (CCR9) and its ligand TECK increases significantly in the endometriotic milieu of patients with endometriosis. Therefore, the over-expressed TECK interacts with CCR9 on the ESCs in the endometriotic milieu, which may contribute to the onset and progression of endometriosis.
INTRODUCTION
Endometriosis is a very frequent gynecological disorder in fertile women. Although a series of theories on the pathogenesis of endometriosis exists, no single paradigm can explain all cases of endometriosis. 1 Sampson's theory of implantation of endometrial cells and fragments refluxed during the menstrual period is generally accepted as a cause of pathogenesis. Retrograde menstruation occurs in up to 80% of women during their reproductive life; the discrepancy between the incidence of this phenomenon and the occurrence might be explained by the presence of further 'permissive' factors that promote the ectopic implantation and growth of endometrial cells. 2 The involvement of chemokines in endometriosis is becoming more evident as current research progresses. Chemokines have the ability to attract and activate inflammatory cells. 3 It is increasingly clear that some chemokines play an important role in many physiological and pathological situations, such as ovulation, menstruation, implantation, cervical ripening, pre-term labor and endometriosis. 4, 5 Chemokine C receptor 9 (CCR9) is expressed mainly on immature T cells, such as double-positive (DP) T cells or gut-associated T cells, 6 which makes CCR9 a valuable receptor for T-cell development and tissue-specific homing. Additionally, DP T cells undergo extensive apoptosis, thereby becoming single-positive T cells. Therefore, it is possible that CCR9-mediated signaling is associated with T-cell apoptosis. Because several studies have shown that chemokine receptormediated signaling activates a battery of protein or lipid kinases that are generally thought to be involved in cell survival or proliferation, [7] [8] [9] CCR9 engagement and activation by its ligand, thymus-expressed chemokine (TECK), provides anti-apoptotic signaling to the DP T cells.
The endometriotic tissue is composed mainly of the ectopic endometrium, peritoneal mesothelial cells and macrophages, as well as extracellular matrix (ECM). Because the retrograded endometrial stromal cells (ESC) are responsible for the adherence and implantation of endometrium to the peritoneum in the early stage of endometriosis, we used ESCs rather than endometrial epithelial cells as a member of our coculture units to represent the retrograded endometrium.
The initial phase of endometriosis is an invasive event that requires ECM breakdown. 10, 11 It has been clearly shown that besides being responsible for the mass degradation of the ECM as bulldozers, matrix metalloproteinases (MMPs) play sophisticated roles in modulating normal cellular behavior and cell-cell communication, among which is the action of MMPs on cell growth through regulating several growth factors. 12 Several studies have shown an increase in the expression of MMP-1, MMP-2, MMP-3, MMP-7 and MMP-9 in endometriotic tissues. Alteration of MMP-9 and MMP-2 is an important factor in the development of endometriosis. [13] [14] [15] [16] [17] [18] Recent studies have suggested that 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD) and dioxin-like compounds are important in the development of endometriosis. TCDD is a prototype of the polyhalogenated aromatic hydrocarbons, a family of chemicals that have a common mechanism of action. 19 Since endometriosis is an estrogendependent disease [20] [21] [22] [23] and the inflammatory milieu in the peritoneal cavity with endometriosis has been extensively characterized, altered metabolism of estradiol by TCDD or other dioxin-like halogenated aromatic hydrocarbons and proinflammatory effects of TCDD may be involved in the pathogenesis of endometriosis. Our previous work has shown that the combination of 17b-estradiol with TCDD upregulates CXC chemokine receptor 1 expression in ESCs and promotes secretion of IL-8, a ligand of CXC chemokine receptor 1, in coculture of ESC-human peritoneal mesothelial cells (HPMCs). 24 We have also observed that the combination of 17b-estradiol with TCDD increases the secretion of regulated on activation, normal T cell expressed and secreted (RANTES) and macrophage inflammatory protein (MIP)-1a and promotes the invasiveness of ESCs. 25 In the present study, we first investigated the effects of 17b-estradiol and TCDD on secretion of TECK in the endometriosis-associated cells in the coculture unit and then studied the expression of MMP-2 and MMP-9 and the invasiveness of ESCs. To better understand the role of TECK and its receptor CCR9 in the progression of endometriosis, we investigated the regulation of TECK and CCR9 expression and the underlying mechanisms of their potential proinvasion activity by ESCs.
MATERIALS AND METHODS
Tissue collection and cell culture All eutopic endometrial tissues were obtained from patients with endometriosis (mean age 40.2 years; range 31-44) at the time of laparoscopy by uterine curettage in the Obstetrics and Gynecology Hospital of Fudan University (Shanghai, China). The endometriotic tissues included peritoneal implants and ovarian endometriomas. The patients were classified according to the revised American Fertility Society classification and had not received any gonadotrophin-releasing hormone analogue or other hormonal drug in the 6 months prior to the surgical procedure. Before surgery, informed consent was obtained from each patient using protocols approved by the Human Investigation Committee of Fudan University. All the samples were obtained in the proliferative phase of the cycle, which was confirmed histologically. The eutopic tissues were collected under sterile conditions and transported to the laboratory on ice in a 1:1 formula of Dulbecco's modified Eagle's medium (DMEM)/F-12 (Gibco, Grand Island, NY, USA) with 10% fetal calf serum (FCS; Hyclone, Logan, UT, USA). The minced eutopic endometrium was digested with collagenase type-a (0.1%; Sigma, Ronkonkoma, NY, USA) for 30 min at 37 uC with constant agitation. The tissue pieces were filtered through a 200 mmol/l wire sieve to remove debris. Following gentle centrifugation, the supernatant was discarded, and the cells were resuspended in DMEM/F-12. The ESCs were separated from epithelial cells by passing through a 400 mmol/l wire sieve. The filtrated suspension was layered over Ficoll and centrifuged at 2000 r.p.m. for 20 min to further remove leukocytes and erythrocytes. The middle layer of cells was collected and washed with D-Hanks and then placed in a culture flask and allowed to adhere for 20 min. The adherent stromal cells were cultured as monolayers in flasks with DMEM/F-12 containing 10% FCS, 20 mmol/l 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 100 IU/ml penicillin and 100 mg/ml streptomycin and incubated in 5% CO 2 at 37 uC. This method supplied a 95% purity of ESCs.
HMrSV5 (HPMC, a human peritoneal mesothelial cell line provided by Professor Jian Yao, the First People's Hospital, Shanghai, China) and the human monocyte U937 cell line (purchased from Bank of Cells, Chinese Academy of Sciences, Shanghai, China) were maintained in DMEM (Gibco) with 10% FCS and RPMI 1640 medium (Life Technologies, Carlsbad, California, USA) with 10% bovine calf serum, respectively, containing 20 mmol/l 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 100 IU/ml penicillin and 100 mg/ml streptomycin at 37 uC in a humidified, CO 2 -controlled (5%) incubator. The medium was changed every other day.
Cell coculture unit, direct coculture of two types of cells ESCs or HPMCs were cultured in 24-well plates at a concentration of 1310 5 cells per well until adhered to the plastic. The medium was removed, and ESC or U937 cells were applied over ESCs or HPMCs, respectively, at the same concentration. The cells were cultured in a final volume of 1 ml fresh DMEM with 2.5% FCS for 48 h. HPMC, ESC and U937 cells cultured alone in the same media were used as controls. Each experiment was carried out in triplicate wells per time and repeated three times.
Direct coculture of three types of cells (U937-ESC-HPMC)
HPMCs were cultured in 24-well plates at a concentration of 1310 5 cells per well until adhered to the plastic. The medium was removed, and ESCs were applied over HPMCs at the same concentration. After the ESCs adhered to the plastic and fused with HPMCs, the medium was removed again. U937 cells were applied over ESCs and HPMCs at the same concentration. The cells were cultured in a final volume of 1 ml fresh DMEM with 2.5% FCS for 48 h. Each experiment was carried out in triplicate wells per time and repeated three times.
Indirect coculture of three types of cells ESC, HPMC and U937 cells at 1310 5 cells per well were plated in the lower or upper compartment of Costar transwell cell culture chamber inserts (0.4 mm, 12 mm diameter). There were three models, which were determined by different combinations of these three cells. In the first model, U937/HPMC-ESC, the U937 cells were plated in the upper compartment, and the HPMCs and ESCs were in the lower compartment. In the second model, HPMC/ESC-U937, HPMCs were in the upper compartment, and ESC and U937 cells were in the lower compartment. In the third model, ESC/HPMC-U937, ESCs were in the upper compartment, and HPMC and U937 cells were in the lower compartment. Each experiment was carried out in triplicate wells per time and repeated three times. Enzyme-linked immunosorbent assay (ELISA) for determination of TECK The culture supernatants were harvested, centrifuged to remove cellular debris, and stored at 280 uC until assay by ELISA. Each experiChemokine TECK/CCR 9 in endometriosis Y Wang et al 52 ment was carried out in triplicate and repeated three times. The TECK concentration in the culture supernatant was quantified by ELISA kits (R&D Systems, Abingdon, UK) according to the manufacturer's instructions. The limit of detection of TECK was ,10 pg/ml.
Matrigel invasion assay for ESCs
The invasion of ESCs across matrigel was evaluated objectively in invasion chambers with 6.4-mm diameter and 8-mm pore size (Corning, Corning, NY, USA). Invasion chambers coated with 6 ml pure matrigel were placed in a 24-well plate. The purified ESCs (2310 5 in 200 ml DMEM with 1% FCS) were plated in the upper chamber. There were two groups in terms of the different cells in the lower compartment. In the first group, there were no cells in the lower compartment, and 1310
28 mol/l 17b-estradiol, 1 nmol/l TCDD, or a combination of 17b-estradiol with TCDD or combined with 2.5 mg/ ml anti-TECK neutralizing antibody (R&D Systems) was added to both upper compartments and lower compartments, respectively. The second group was a coculture of HPMC and U937 cells in the lower compartment. 17b-estradiol (1310 28 mol/l), 1 nmol/l TCDD, or a combination of 17b-estradiol with TCDD or anti-TECK neutralizing antibody was added to both the upper and lower compartments. The cells were then incubated at 37 uC for 48 h.
The inserts were removed and washed in phosphate-buffered saline (PBS), and non-invasive cells together with the matrigel were removed from the upper surface of the filter by wiping with a cotton bud. The inserts were then fixed in methanol for 10 min at room temperature and stained with hematoxylin. The result was observed under an Olympus BX511DP70 fluorescence microscope (Olympus, Tokyo, Japan). The cells that migrated to the lower surface were counted in five predetermined fields at a magnification of 3200. Each experiment was carried out in triplicate wells per time and repeated three times.
In-cell Western
According to the description by Egorina et al., 26 we used a newly established assay called in-cell Western to determine the in-cell protein level of MMP-9 and MMP-2. The procedure was as follows. Freshly isolated endometriotic stromal cells (2310 4 cells per well) were seeded into 96-well plates. After incubation for 24 h, the cells were starved in DMEM-F12 supplemented with 1% fetal bovine serum for 12 h. Then, these cells were incubated with 17b-estrogen (1310 28 mol/l), TCDD (1 nmol/l) or 17b-estrogen (1310 28 mol/l) combined with TCDD (1 nmol/l) for another 48 h. The cells were immediately fixed with 4% formaldehyde in 13 PBS for 20 min at room temperature. After being washed with 0.1% Triton, the cells were blocked by adding 100 ml of LI-COR Odyssey blocking buffer (LI-COR Biosciences, Lincoln, NE, USA) for 90 min at room temperature. The cells were then incubated with mouse antihuman MMP-9 or MMP-2 (R&D Systems) primary antibody. Actin was used as the housekeeping protein, and rabbit antihuman actin (Santa Cruz, Santa Cruz, CA, USA) was added to each well at the same time. After treatment overnight at 48 uC, the wells were then incubated with corresponding secondary IRDyeTM700DX-conjugated affinity-purified (red fluorescence) antimouse or IRDyeTM800DX-conjugated affinitypurified (green fluorescence) antirabbit fluorescent antibody, as recommended by the manufacturer (Rockland, Inc., Gilbertsville, PA, USA). This procedure was performed in the dark to avoid exposure to light. Images of MMP-9 and MMP-2 were obtained using the Odyssey Infrared Imaging System (LI-COR Biosciences GmbH, Bad Homburg, Germany). The protein level of MMP was calculated as the ratio of the intensity of MMP-9 or MMP-2 to that of actin. The experiments were carried out in triplicate wells per time and repeated three times.
Immunostaining
For immunohistochemistry, paraffin sections (5 mm) of human endometrium were dehydrated in Tris-buffered saline (TBS) and incubated with hydrogen peroxide and 1% bovine serum albumin (BSA)/TBS to block endogenous peroxidase. Then, the samples were incubated with mouse antihuman CCR9 antibody (25 mg/ml, MAB179, R&D Systems) or mouse immunoglobulin G (IgG) as the isotype control overnight at 4 uC in a humidified chamber. After being washed three times with TBS, the sections were overlaid with peroxidase-conjugated goat antimouse IgG (04-18-06, KPL, Gaithersburg, MD, USA) and rabbit antigoat (14-13-06, KPL), and the reaction was developed with 3,3-diaminobenzidine and counterstained with hematoxylin. The immunohistochemical results were evaluated by a pathologist. The experiments were repeated five times.
For immunocytochemical staining, ESCs growing on coverslips were cultured for 48 h. The coverslips were fixed in 4% paraformaldehyde for 20 min at room temperature, washed in PBS and permeabilized for 10 min with 0.25% Triton-100 in PBS. The cells were then incubated with 1% BSA in PBS/Tween for 30 min to block nonspecific binding of antibodies. The primary antibodies diluted in PBS/Tween containing 1% BSA were added. Mouse antihuman vimentin monoclonal antibody (1:100, ZA0511, Dingguo, Beijing, China) and cytokeratin-7 antibody (1:100, 18-0234, Zymed Laboratories, South San Francisco, CA, USA) were used as markers for ESCs. The antihuman CCR9 monoclonal antibody was used to detect whether ESCs expressed CCR9. The cells were incubated with primary antibody or isotypic control overnight at 4 uC and then incubated with a peroxidase-conjugated secondary antibody for 60 min at 37 uC. The slides were stained with 3,3-diaminobenzidine and counterstained with hematoxylin. The experiments were repeated five times.
RESULTS
CCR9 and its ligand TECK are upregulated in the endometriotic milieu of patients with endometriosis CCR9 transcription in the endometrium was detected by reverse transcription polymerase chain reaction (Figure 1) , and the results showed that transcription of CCR9 in the ectopic endometrial stromal cells was significantly higher than that of the eutopic endometrial stromal cells, and the latter was further significantly higher than that of the endometrial stromal cells from the normal fertile phase (P,0.05; Figure 1a) .
We further analyzed CCR9 protein expression in the endometrium by immunohistochemistry. The results showed positive staining for CCR9 in the stroma and gland of the eutopic endometrium, and CCR9 expression in the ectopic foci was higher significantly than that of the eutopic endometrium, while the latter was significantly higher than that of normal endometrium of the fertile phase (P,0.05; Figure 1c and d) . The result by ELISA showed that the TECK concentration was significantly increased in the peritoneal fluid with endometriosis compared to the normal control without endometriosis (P,0.05; Figure 1e ).
Effect of 17b-estradiol and/or TCDD on CCR9 expression on eutopic ESCs
We evaluated the expression of cytokeratin and vimentin in primary ESCs by immunocytochemistry. The isolated cells stained positive for vimentin and negative for cytokeratin. The purity of isolated ESCs was .95%. Chemokine 
The expression of CCR9 in the eutopic ESCs as determined by flow cytometry was about 65.1163.4% (Figure 2) . At 100 nM, 17b-estradiol significantly inhibited CCR9 expression on the ESCs (P,0.01), but other concentrations of 17b-estradiol showed no effect on CCR9 expression. The 0.01 nM TCDD alone also significantly inhibited CCR9 expression on the ESCs (P,0.01), and 0.1, 1 and 10 nM TCDD showed no effect on CCR9 expression, but 100 nM TCDD upregulated the molecular expression on the cells. The combination of 1-100 nM 17b-estradiol with TCDD increased CCR9 expression on the ESCs, and the increased level was positively correlated with the concentration of 17b-estradiol (P,0.05; Figure 2 ).
Establishment of the coculture units
We have established a series of cell-cell cocultures to elucidate the roles of the endometriosis-associated cells in the endometriotic Chemokine TECK/CCR 9 in endometriosis Y Wang et al 54 milieu. Immunocytochemistry showed that HPMCs expressed both vimentin and cytokeratin, and ESCs expressed vimentin, but did not express cytokeratin in the cocultures. The purity of isolated ESCs was .95% (Figure 3 ).
Effect of direct or indirect coculture on TECK secretion of ESC, HPMC and U937 cells
As shown in Figure 4a , secretion of TECK by ESCs after 48 h was higher than that of either U937 cells or HPMCs. The coculture of ESCs with HPMCs showed no effect on TECK secretion, whereas the coculture of ESC with U937 cells increased TECK production, and the production in the indirect and direct cocultures were 1.2-and 2.82-fold more, respectively, than the production of ESCs cultured alone (P,0.05). The coculture of HPMCs with U937s also showed no effect on TECK secretion. Both the indirect and direct cocultures of the three types of cells showed significant increases in TECK production. Among the three coculture units, the TECK production of the ESC-U937/HPMC coculture was 2.77-and 2.41-fold higher than that of ESC/HPMC-U937 and U937/ESC-HPMC, respectively (P,0.01). The TECK production of the ESC-U937-HPMC coculture was 4.87-fold higher than the production of ESCs cultured alone (P,0.01). The results above showed that direct coculture of the endometriosis-associated cells promoted the secretion of TECK.
Effect of 17b-estradiol and/or TCDD on TECK secretion in the coculture of the endometriosis-associated cells Compared to the control, 1 nM TCDD significantly stimulated TECK secretion in the coculture of ESCs with HPMCs, and 1 nM 17b-estradiol had no obvious effect on TECK production in the culture. However, when combined with TCDD, 17b-estradiol showed a synergistic stimulatory effect on TECK secretion (Figure 4b ). In our previous work, neither estradiol nor TCDD had an effect on TECK in the non-coculture system.
The combination of 17b-estradiol with TCDD promotes invasiveness of ESCs with increasing secretion of TECK To verify the effects of 17b-estradiol and TCDD on the invasiveness of ESCs, a matrigel-based transwell assay was carried out in two groups. The freshly isolated ESCs were added to the upper chamber in both groups. No cells were added to the lower chamber in the first group. In the second group, HPMC and U937 cells were added to the lower chamber and then treated with estradiol, TCDD or the combination of estradiol with TCDD. The number of cells migrating to the lower surface was counted after 48 h of incubation. As shown in Figure 5 , neither 17b-estradiol nor TCDD alone could increase the invasion of human ESCs, but the combination of 17b-estradiol with TCDD promoted invasiveness of ESCs.
We further investigated the invasion of ESCs after treatment with anti-TECK neutralizing antibody. The anti-TECK neutralizing antibody could decrease, but not abolish completely the increased invasiveness of ESCs induced by the combination of 17b-estradiol and TCDD ( Figure 5 ). It was concluded that the 17b-estradiol combined with TCDD stimulates the invasiveness of human ESCs partly via increasing the TECK secretion.
The combination of 17b-estradiol with TCDD and coculture of ESC, HPMC and U937 cells upregulates protein production of MMP-9 and MMP-2 in ESCs As shown in Figure 6 , the protein productions of both MMP-9 and MMP-2 in ESCs and the ESC-HPMC-U937 coculture were increased DISCUSSION CCR9 has been found to be expressed mainly on T and B lymphocytes and is a unique receptor for the CC chemokine TECK, which is primarily expressed on thymic dendritic cells and mucosal epithelial cells.
In the present study, we have provided evidence that CCR9 is transcribed and translated at significantly higher levels in the ectopic tissue than in the eutopic endometrium, and TECK concentration in peritoneal fluid with endometriosis is higher than the control, which was also proven in the in vitro coculture of the endometriosis-associated cells. TECK plays a key role in the segregation and compartmentalization of the mucosal immune system through recruitment of immune cells to specific locations. 27 CCR9 mediates chemotaxis in response to CCL25, i.e., TECK, [28] [29] [30] [31] and is expressed on a minor subset of CD8 1 lymph node T cells. 32, 33 CD69 1 thymocytes enhance the CCL25-induced migration compared with CD69 2 thymocytes, and thymocyte migration in response to CCL25 is augmented by TCR signaling. Approximately half of all cd TCR 1 thymocytes and peripheral cd T cells express CCR9, and these cells migrate upon exposure to CCL25. The expression of CCR9 on cd T cell subsets (e.g., Vc2
1 , but not Vc3 1 ) indicates that CCR9 may also function in the development and/or trafficking of cd T cells. Finally, pre-pro-B cells in the bone marrow respond to CCL25, raising a possibility that CCR9 regulates the early stages of B-cell development. 34 Although there has not yet been any direct evidence that CCR9/TECK is involved in the pathogenesis of endometriosis, we hypothesized their involvement in the disease according to our findings in the ectopic tissue. On the basis of what we have stated here, in the present study, we investigated the cellular and biological actions mediated by CCR9 and TECK, which are involved in endometriosis.
The establishment of endometriosis has been attributed to the attachment and invasion of retrograded endometrial fragments into Chemokine TECK/CCR 9 in endometriosis Y Wang et al 56 the peritoneum, their entry into a blood supply and the triggering of a suboptimal immune response that does not adequately clear the implants, resulting in their continued survival and growth. 35 However, interactive molecules, including steroid exposure, immune disturbances, genetic predisposition, and environmental toxin exposure are probably involved in the development of endometriosis 36 Endometriosis is actually a chronic inflammation that recruits a series of immune cells. 37 Therefore, we constructed the coculture unit of endometriosis-associated cells, including ESCs with HPMCs, ESC with U937 cells, and HPMC with U937 cells, in the present study. We have found that the coculture of ESC with U937 cells can apparently induce TECK secretion; however, the cocultures of ESC-HPMC and HPMC-U937 only slightly increased secretion of TECK. By contrast, TECK secretion is further increased in the coculture of ESC-HPMC-U937. Either indirect or direct coculture can induce TECK secretion, which suggests that ESCs in the shed endometrium represent a foreign entity, initiating an acute inflammatory reaction that in turn recruits monocytes, and the crosstalk between the endometrium and the peritoneal macrophages increased the production of TECK.
To test the hypothesis that the ESCs may be major players in the pathogenesis of endometriosis, we established the coculture system of ESC-HPMC, ESC-U937 and ESC/HPMC-U937 cells to investigate the roles of ESCs. Different models represent different situations of the ectopic tissues. We found that TECK secretion in the direct coculture unit of ESC-HPMC-U937 and the indirect coculture unit of ESC/ HPMC-U937 (HPMC and U937 cells in contact with each other) was significantly higher than in the other two models in which HPMCs do not directly contact U937 cells, which suggests that the peritoneum plays an important role in the peritoneal cavity in endometriosis and secretes more TECK in a paracrine and/or autocrine manner. This event is followed by an increased migration of immune cells (T cells and monocytes) into the loci, resulting in their ability to secrete cytokines that further stimulate the expression of TECK. The endpoint of such a process is a high level of TECK in the peritoneal cavity and may mediate processes that contribute to endometriosis progression. TECK may create a positive loop to amplify the signal for the establishment and growth of the endometriotic tissue in the ectopic milieu. Some research has shown that other chemokines, such as IL-8, methylaccepting chemotaxis protein-1, RANTES, eotaxin and growthregulated oncogene-a, are implicated directly or indirectly in the formation, maintenance and proliferation of the endometriotic implants. 38 They exert effects by binding to their cell membrane receptors, and the levels of the receptors partly modulate their actions, 39 which led us to speculate that the over-expressed chemokine receptors Our results have demonstrated that TECK may act in paracrine and indirect mechanisms and also directly on the ESCs to support endometriosis progression. One mechanism by which TECK may affect endometriosis progression is its capacity to upregulate the expression of MMPs in ESCs. In our matrigel invasion assay, the invasiveness of ESCs treated with the combination of 17b-estradiol and TCDD was higher than that of treatment with either one, which was also proven in the In-cell Western, and TECK neutralizing antibody abolished the increased invasiveness of ESCs. The combination of 17b-estradiol with TCDD or recombinant human thymus-expressed chemokine enhanced the expression of MMP-9 and MMP-2 in the ESCs. 17b-estradiol and TCDD may promote the invasiveness of ESCs by increasing secretion of TECK. However, other cytokines and chemokines induced by 17b-estradiol and TCDD may also be involved in the progress. IL-8 increases the MMP activity and the invasiveness of ESCs. 40 Other cytokines, IL-1b and tumour-necrosis factor-a, can stimulate MMP-1, MMP-2 and MMP-3 mRNA levels and promote MMP-1 and MMP-3 protein secretion. 41 Our previous work has shown that 17b-estradiol with TCDD increases the secretion of RANTES and MIP-1a and promotes the invasiveness of ESCs, which may occur at the same time as the increase in TECK because using a RANTES neutralizing antibody cannot block the effect of 17b-estradiol with TCDD on the secretion of MIP-1a. On the contrary, using the MIP-1a neutralizing antibody cannot block the effect of 17b-estradiol with TCDD on the secretion of a b Figure 5 . The combination of 17b-estradiol with TCDD enhances invasiveness of ESCs in the ESCs cultured alone or ESC/HPMC-U937 coculture through increasing secretion of TECK. The invasive index of cells under different conditions was normalized to the control. The invasion of ESCs in the ESCs cultured alone or in the ESC/ HPMC-U937 coculture through the matrigel-coated membranes was assessed by microscopic morphology at 3200 magnification. The ESCs were incubated in the presence of 1310 28 mol/l 17b-estradiol, 1 nmol/l TCDD, 17b-estradiol and TCDD in combination or 10 mg/ml anti-TECK neutralizing antibody combined with 17b-estradiol and TCDD (3200). The results of the invasive index show that estradiol and TCDD in combination improved invasion of ESCs in the coculture, and anti-TECK neutralizing antibody abolished the elevated invasion of ESCs (a). Statistical results from above (b). Data are expressed as mean6SEM.
# P,0.01 compared to the coculture. ESC, endometriotic stromal cell; HPMC, human peritoneal mesothelial cell; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; TECK, thymus-expressed chemokine.
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RANTES
. 25 Therefore, the combination of 17b-estradiol with TCDD may upregulate the invasiveness of ESCs via a series of cytokines and mechanisms at the same time.
In conclusion, our research in vitro provides possible contributors to the progression of endometriosis. Therefore, we propose a hypothetical model to illustrate the complex set of interactions by which the retrograde endometrium expressing higher levels of CCR9 promotes endometriosis-associated cells to recruit immune cells into ectopic foci. Interaction of the endometriosis-associated cells increases the secretion of TECK. High levels of 17b-estrogen in the endometriotic milieu and TCDD increase the TECK secretion further, and then TECK may act to induce monocyte and T-cell migration into the ectopic milieu. In addition, the increased TECK expression gives rise to invasion-promoting activities of ESCs by upregulating secretion of MMPs or other factors or mediators of angiogenesis, which leads to the onset and progression of endometriosis. a b Figure 6 . The combination of 17b-estradiol with TCDD upregulates protein expression of MMP-9 and MMP-2 in the endometrial stromal cells and the ESC-HPMC-U937 cells through promoting TECK secretion. The endometrial stromal cells (a) or the ESC-HPMC-U937 cells (b) plated on 96-well plates were starved with 1% fetal bovine serum for 12 h then treated with vehicle, 1 nmol/l 17b-estradiol, 1 nmol/l TCDD, 17b-estradiol and TCDD in combination, or 10 mg/ml anti-TECK neutralizing antibody combined with 17b-estradiol and TCDD for 48 h. * # P,0.01 compared to the control. ESC, endometriotic stromal cell; HPMC, human peritoneal mesothelial cell; MMP, matrix metalloproteinase; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; TECK, thymus-expressed chemokine.
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